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But first… Why do we need extended range instruments? 



USAXS/pinSAXS/USAXS-XPCS/WAXS 
Current parameters 
•  Range of X-ray energies 7 to 18 keV & 24keV (HE ops) 
•  4 decades of Q range :  0.0001 to 1.0 A-1  (HE 0.00002 to 1.0 A-1) 
•  Dynamic intensity range of over 9 decades 
•  Flexible beam size:  

0.02 – 1 mm vertical 
0.02 – 2 mm horizontal  
200 um2 minimum reasonable size 

•  1-D and 2-D collimation geometries 
•  Combined Bonse-Hart & pinhole SAXS (“pinSAXS”) instrument 
•  WAXS optionally available (0.5 to 5.0 A-1)  
•  USAXS-XPCS geometry 
•  Standard-less absolute intensity calibration  
•  Imaging structures at various Q values (*) 
•  User-friendly data reduction and evaluation software  





1D Bonse-Hart design USAXS, pinSAXS, & Imaging 

Point detector 
or 

Imaging camera 

pinSAXS camera 
0.05 – 1.2 A-1 

Area detector 

Measurements : 
Intensity vs Q (slit smeared) combined USAXS & pinSAXS 
USAXS-Imaging (imaging materials at various q vectors) 



Modeled HE-USAXS/WAXS capabilities 
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High q resolution 
Real World materials – mono sized distribution of spheres, powder 
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Need for pinSAXS :  Nanostructured carbon - data 

n  Peter Pfeifer’s 
group (U Missouri)  
– studies of carbon 
materials for on-
board gas storage 
for vehicles. 

n  Documents need for 
improved high q 
range 



Need for pinSAXS : Powder sample with small-angle diffraction 

n  Andrew Allen, 
powder sample with 
large structures  

n  Total dynamic 
range:  
> 11 decades 

n  Can see : 
–  Powder particle 

size 
–  Internal powder 

structure  



 

n  Job: Add ability to measure 10 – 40 degrees angles with suitable area detector 
n  Conditions:  

–  Do not impact USAXS and pinSAXS capability… 
–  Make easy and transparent for users 

§  Solution: Use Pilatus 100k, 300k or similar detector (Pilatus 100k from APS equipment 
pool) 

n  Resolution tunable - given by size of detector, it’s pixel size, beam size, etc. 
n  Tested in December 2012, user operations in 2013. Major success with users.   
n  Planned upgrade by procurement of Pilatus 300k-w to APS DP. 

TOP VIEW 

2D slits 

Si (111), (220), 
or (440)  

collim. crystals 

Ion 
chamber 

Guard 
slits 

Sample 

WAXS detector 

pinSAXS  
chamber/detector 

Analyzer Si 
matching 
crystals, 

photodiode 
detector 



Low-res (17keV) USAXS / pinSAXS / WAXS 



High energy operations 

n  Increase USAXS operational energy 
–  Penetration through environments (heaters, reactors) 
–  Thicker (more relevant) sample thicknesses 
–  Higher-Z materials (Pu, but also cements, Pt, Au, …) 
–  Reduce multiple scattering (cement, porous ceramics) 

n  Using current Si (220) crystals as Si (440) 
–  Easy change over (just change angle) 
–  No additional expenses 
–  No immediate commitment 
–  Limits energy range : 

•  Si 220 = 8keV – 18keV 
•  Si 440 = 18keV - ???  

n  Side effects: 
–  GOOD : Increased Q range (Qmin ~ 2x10-5

 A-1)  
–  BAD : need for much better mechanical stability 



Target : World-wide unique facility with capabilities 
matched by no one.  



High-resolution / high-energy USAXS 
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  Data
  Model for data

Unified level 1P
G = 3.5996e+08  
Rg = 19160  [A]
B = 1.5978e-05
P = 3.365 

Unified level 2P
G = 3945.2  
Rg = 521.93  [A]
B = 8.1417e-07
P = 4 

Diffraction Peak 4P
Shape  :   Gauss
Position (d) = 12.732  [A]
Position (Q) = 0.49351  [A^-1]
Integral intensity = 0.00012774
FWHM (Q) = 0.020021 [A^-1]

Diffraction Peak 5P
Shape  :   Gauss
Position (d) = 7.2138  [A]
Position (Q) = 0.871  [A^-1]
Integral intensity = 2.1289e-05
FWHM (Q) = 0.020198 [A^-1]Diffraction Peak 6P

Shape  :   Gauss
Position (d) = 6.5379  [A]
Position (Q) = 0.96104  [A^-1]
Integral intensity = 2.1289e-05
FWHM (Q) = 0.02021 [A^-1]

Diffraction Peak 7P
Shape  :   Gauss
Position (d) = 6.2886  [A]
Position (Q) = 0.99914  [A^-1]
Integral intensity = 2.1289e-05
FWHM (Q) = 0.02016 [A^-1]

Diffraction Peak 8P
Shape  :   Gauss
Position (d) = 5.7142  [A]
Position (Q) = 1.0996  [A^-1]
Integral intensity = 2.5547e-05
FWHM (Q) = 0.080031 [A^-1]

Diffraction Peak 9P
Shape  :   Gauss
Position (d) = 4.7556  [A]
Position (Q) = 1.3212  [A^-1]
Integral intensity = 0.00017031
FWHM (Q) = 0.040121 [A^-1]

Diffraction Peak 10P
Shape  :   Gauss
Position (d) = 4.3982  [A]
Position (Q) = 1.4286  [A^-1]
Integral intensity = 6.3868e-05
FWHM (Q) = 0.060092 [A^-1]

Andrew Allen, NIST, unpublished 

Results in 
2012-1 



Current technical details   High energy 
n  intensity and Q range: 

–  Up to 11 decades of intensity 
range 

–  1e-4 A-1 to 1 A-1 Q range  
0.5 nm   à   >1 micron 

n  Scan time : 10 min/scan  
(shortest scans down to 3 minutes) 

n  Flexible beam size  
 1 x 2 mm  à 0.02 x 0.2 mm 

n  Energy range : 10 – 18 keV 
n  Q resolution ~ 0.0001 A-1 
n  Geometries: 

–  Slit smeared w/pinSAXS 
–  2D collimated 
–  USAXS-XPCS for slow materials 

dynamics 
–  USAXS-Imaging (imaging 

materials at various q vectors) 

n  intensity and Q range: 
–  Up to 11 decades of intensity 

range 
–  2e-5  A-1 to 2 A-1 Q range  

0.3 nm   à    > 30 micron 

n  Scan times as fast as 2 min/scan 

n  Flexible beam size  
 1 x 2 mm  à   0.02 x 0.2 mm 

n  Energy range : 10 – 30 keV 
n  Q resolution ~ 0.00002 A-1 
n  Geometries: 

–  Slit smeared w/pinSAXS 
–  2D collimated 
–  USAXS-XPCS for slow materials 

dynamics 
–  USAXS-Imaging (imaging materials 

at various q vectors) 



Conclusions… 

n  USAXS is uniquely useful, with lot of users and documented impact in 
many, many areas of science 

“From Chocolate to Pu in one week” 
n  USAXS is shown to be industrially robust, reliable instrument with high 

uptime (close to 100%) and user friendliness… 
n  Done a lot of unique work 
n Generated publications (222 on my list 1999 – 2011) 
n  Enabled many student thesis 

n  Is available through GUP system to the best proposals… 
 


